Background-Cardiovascular-related morbidity and mortality in patients with peripheral arterial obstructive disease remain high. We performed an international, multicenter, randomized, double-blind, placebo-controlled trial to investigate whether long-term administration of oral buflomedil could reduce the rate of cardiovascular events in patients with intermittent claudication. Methods and Results-Patients Ͼ40 years of age with documented peripheral arterial obstructive disease, intermittent claudication, and an ankle-brachial index between 0.30 and 0.80 were eligible for inclusion and were randomized to receive orally either buflomedil or placebo for 2 to 4 years. Aspirin was recommended for all patients (unless they were receiving other antithrombotic treatments at inclusion). The primary efficacy outcome was critical cardiovascular events, defined as the composite of cardiovascular death, nonfatal myocardial infarction, nonfatal stroke, symptomatic deterioration of peripheral arterial obstructive disease, or leg amputation. A total of 2078 patients were recruited. Mean treatment duration was 33 months. The rate of critical cardiovascular events was significantly lower in buflomedilrandomized patients than in placebo-randomized patients (9.1% versus 12.4%; hazard ratio, 0.742; 95% confidence interval, 0.603 to 0.915; Pϭ0.0163). Ankle-brachial index increased by 9.2% in buflomedil-randomized patients and decreased by 3.6% in placebo-randomized patients (PϽ0.001). Tolerance of buflomedil and placebo was comparable. 
Methods

Patients
Patients Ͼ40 years of age with documented PAD, intermittent claudication (ie, Fontaine's stage II PAD), and an ankle-brachial index (ABI) at rest between 0.30 (exclusive) and 0.80 (inclusive) were eligible for the study. ABI was measured on the arms and ankles with a blood pressure cuff and a continuous-wave Doppler probe (8 to 10 MHz). It was calculated by dividing the ankle pressure (measured on the affected lower limb at rest and taking into account the higher of the posterior tibial or fibular artery pressures, except in the case of a clearly false value resulting from mediacalcosis) by the brachial systolic pressure (the higher of the 2 arm pressures). Ultrasound or angiography was performed to confirm the atherosclerotic origin of PAD and to exclude significant proximal lesions (Ͼ50%).
Patients were excluded from the study if they presented the following characteristics: ischemic rest pain (ie, Fontaine's stage III PAD), ulceration or gangrene (ie, Fontaine's stage IV PAD), iliac or common femoral artery stenosis or occlusion, arterial occlusion of embolic origin, Buerger disease, or any nonatherosclerotic arterial disease of the lower limbs. Likewise, patients with confounding factor(s) interfering with the evaluation of PAD (eg, major stroke sequel or major amputation of a lower limb) or the effect of the study treatment (eg, patients in whom vasoactive treatments could not be discontinued or who were already under treatment with buflomedil started Ͼ1 month previously) were not recruited. Other exclusion criteria were acute myocardial infarction or stroke within the last 45 days, vascular or endovascular surgery within the last 45 days or planned within the next month, active cancer, poor short-term vital prognosis, and thrombophilia. Finally, pregnant or breast-feeding women and women of childbearing age not using effective contraception could not participate in the study.
Study Design
The Limbs International Medicinal Buflomedil (LIMB) study was a randomized, double-blind, placebo-controlled study. Patients were randomly assigned using a centralized computer-generated schedule (1:1 randomization in blocks of 6 and stratified by center and creatinine clearance) to receive orally either buflomedil (Fonzylane, Cephalon France, Maisons-Alfort, France) or placebo for 2 to 4 years. The dosage of buflomedil was adjusted to creatinine clearance: 300 mg twice daily in patients with a creatinine clearance of Ն40 mL/min and 150 mg twice daily in patients with a creatinine clearance of Ͻ40 mL/min. The day of randomization was defined as day 1. Follow-up visits were scheduled at 1 and 3 months after randomization and then every 6 months up to 48 months.
The study was conducted under the supervision of the Steering Committee. A Data Safety and Monitoring Board was established to evaluate the progress of the trial, including periodic assessments of efficacy and safety data, to make recommendations to the Steering Committee as to whether the study was to be continued or to propose any amendments in relation to the results. The members were independent of the Steering Committee. As indicated below, the Data Safety and Monitoring Board conducted a planned interim analysis.
The study was conducted in accordance with the ethics principles stated in the Declaration of Helsinki and local regulations. The protocol was approved by independent local institutional review boards, and written informed consent was obtained from all patients before randomization.
Treatments
The study medications consisted of round, white, coated tablets. Buflomedil and placebo tablets were indistinguishable in terms of shape, smell, and appearance. Patients not receiving any antithrombotic treatment at trial initiation were advised to take an antiplatelet agent (low-dose aspirin 75 to 100 mg) or vitamin K antagonist during the study period. Peripheral vasodilators (including prostacyclin) were prohibited and were to be discontinued before trial initiation.
Outcome Measures
The primary efficacy outcome was critical cardiovascular events, defined as the composite of cardiovascular death (including sudden death of presumed cardiac origin), nonfatal myocardial infarction, nonfatal stroke, symptomatic deterioration of PAD (defined as clinical worsening of the symptoms reported by the patient, ie, invalidating claudication or stage III/IV disease, or acute/subacute homolateral or contralateral ischemia requiring the implementation of new therapeutic strategies, including administration of an intravenous vasoactive treatment, physiotherapy under medical supervision at a specialized center, vascular or endovascular surgery, or angioplasty), or leg amputation. Secondary efficacy end points included the individual components of the primary efficacy outcome, death resulting from any cause, and all cardiovascular events. The pain-free and maximal walking distances (as assessed by patient questioning), ABI values, and quality of life (ie, ability to perform daily life activities according to the patient using a 0-to 100-mm subjective visual analogue scale) were other secondary efficacy end points. The primary safety outcome was adverse events, with special attention paid to myoclonia and convulsion. All critical cardiovascular events and all cases of neurological symptoms and serious adverse events were reviewed and validated by the independent Critical Event Committee, the members of which were unaware of the patients' treatment assignments.
Statistical Analysis
The trial was designed to demonstrate that buflomedil was superior to placebo in preventing critical cardiovascular events. Assuming an incidence of critical cardiovascular events without vasoactive treatment of 20% to 24% over a median period of 3 years, 2,4 it was estimated that a total of 2000 patients would give a power of 90% to detect a 25% risk reduction with buflomedil at an ␣ risk of 0.05. As outlined in its charter, the Data Safety and Monitoring Board conducted a planned interim analysis 6 months after the inclusion of the 1000th patient to make recommendations on the continuation of the study based on efficacy, safety, and futility (using conditional power calculations) considerations. This analysis was performed in a semiblinded fashion, with treatment groups coded as A or B. The significance level for efficacy was set according to the Peto rule at 0.001 to keep an overall significance level of 0.05 for the final analysis. From this analysis, the recommendation was to continue the study as planned.
Analysis of the primary efficacy outcome was performed on the intention-to-treat population, defined as the population of all randomized patients; patients were analyzed in the treatment group to which they had been assigned. The safety analysis was performed on data from patients who had received at least 1 dose of study medication, with patients analyzed according to the treatment actually received (as-treated population). All patients had to have completed a follow-up of at least 24 months.
Qualitative data were reported as numbers and percentages. Quantitative data were reported as mean values (SD) or as median values with range or first and third quartiles. Fisher's exact test (categorical variables) and Student's t test (continuous variables) were used to compare groups. For nonnormal data, the Wilcoxon test was used. Critical event-free curves were computed with the KaplanMeier method and were compared by use of the log-rank test. Efficacy analyses were performed unadjusted and adjusted for age, sex, renal clearance, ABI, prior myocardial infarction, prior stroke, or diabetes at baseline with the regression-adjustment Cox model. All statistical tests were 2 sided, with the type I error set at 5%. All analyses were performed with SAS software (version 8.02, SAS Institute, Cary, NC).
The authors had full access to and take full responsibility for the integrity of the data. All authors have read and agree to the manuscript as written.
Results
Study Population
Between Demographic variables, medical history, severity of PAD, and concomitant treatments at baseline were comparable in the 2 study groups (Table 1 ; Pϭnot significant for each comparison). Before inclusion, 24 patients (1.2%) had experienced rest pain in the right or left limb. Thirteen patients (0.6%) had suffered from ischemic ulcers; 5 patients (0.2%) had suffered from gangrene.
The meanϮSD duration of treatment was 30Ϯ11 months (range, 0 to 50 months) and 30Ϯ11 months (0 to 48 months) in patients treated with buflomedil and placebo, respectively. Thirty-six patients received either 150 mg buflomedil (nϭ18) or placebo (nϭ18) twice daily. Overall, including deaths, 442 patients (21.3%) permanently discontinued study treatments before study completion, with no difference between the 2 groups. The most frequent motive for discontinuation was patient decision (239 patients, 11.5%) ( Table 2 ). In addition, 172 patients (8.3%) temporarily discontinued study treatments before study completion, with no difference between the 2 groups.
Cardiovascular Events
The rate of the primary outcome was significantly lower in buflomedil-randomized patients than in placebo-randomized patients (9.1% versus 12.4%; absolute risk reduction, 3.26%; 95% confidence interval, 0.50 to 6.01; hazard ratio, 0.742; 95% confidence interval, 0.603 to 0.915; Pϭ0.0163; Table 3 and Figure 2 ). The benefit of buflomedil remained significant after adjustment of the treatment effect for covariates (age, presence of diabetes, baseline ABI) influencing the risk of critical cardiovascular events (Pϭ0.005). Favorable but not statistically significant differences were observed between the treatment groups for any of the individual components of the primary efficacy outcome and all-cause mortality. In patients with symptomatic deterioration of PAD, an invasive therapeutic strategy (vascular or endovascular surgery or angioplasty) was performed in 77.2% of the patients; overall, this therapeutic approach was performed in 30 buflomedilrandomized patients (2.9%) and in 41 placebo-randomized patients (4.0%). Over the whole study period, median ABI increased by 9.2% (range, Ϫ0.6% to 23.4%) in buflomedil-randomized patients and decreased by 3.6% (range, Ϫ15.6% to 12.0%) in placeborandomized patients (PϽ0.001, Wilcoxon test) ( Figure 3 ). Median pain-free walking distance and maximal walking distance increased by 43% (range, 0% to 163%) and 33% (range, 0% to 133%) in buflomedil-randomized patients, respectively, compared with placebo-randomized patients (PϽ0.001, Wilcoxon test) (Figure 4 ). In the buflomedil group, 73% of patients (nϭ762) reported that claudication of the most affected lower limb improved at least once during the study period compared with 60% of placebo-randomized patients (nϭ623) (PϽ0.001, Fisher's exact test). Conversely, worsening of claudication of the most affected limb, at least once during the study period, was more frequent in patients randomized to placebo (nϭ368, 36%) than in those randomized to buflomedil (nϭ229, 22%) (PϽ0.001, Fisher's exact test). Discomfort during daily life activities decreased significantly more in the buflomedil group than in the placebo group (Pϭ0.033, Wilcoxon's test).
Safety
No difference was observed between the number of patients experiencing serious adverse events among those receiving buflomedil (nϭ224, 21.5%) and those receiving placebo (nϭ238, 23.0%). Most serious adverse events were related to disease progression and associated cardiovascular ischemic events. The total mortality rates were comparable between the 2 study groups (Table 3) . Only 11 serious adverse events were related to buflomedil and 11 to placebo. No treatmentrelated cases of convulsion or myoclonia were reported. Excluding deaths, 359 patients (17.3%) withdrew from treatment before study completion. The proportions of patients discontinuing the treatment because of adverse events were similar in the 2 treatment groups ( Table 2) . By the end of follow-up, 149 patients (7.2%) had died, with death being of cardiovascular origin in 81 patients.
Discussion
This randomized study showed that after a median treatment duration of 33 months, buflomedil reduced the occurrence of a composite outcome of critical cardiovascular events and worsening of clinical symptoms by 26% compared with placebo in patients with PAD-related intermittent claudication. The main benefit of buflomedil was that it prevented the worsening of clinical symptoms, thereby decreasing or delaying recourse to invasive therapy (surgery or angioplasty). A positive trend also was observed in other major components of the composite outcome, eg, cardiovascular death (decreasing from 4.4% in placebo patients to 3.4% in buflomedil patients) and amputation of lower limb (decreasing from 1.5% to 1.0%). Although the rate of the composite outcome †Pϭ0.0163 (log-rank test). ‡Including 6 major amputations. §Including 9 major amputations. 
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was lower than originally expected (10.7% versus 20% to 22%), the 26% risk reduction obtained with buflomedil was significant and in accordance with the initial hypothesis. This amplitude of risk reduction is comparable to that observed with other effective drugs classically administered to patients with PAD: Aspirin and angiotensin-converting enzyme inhibitors reduce the risk of serious vascular events by Ϸ25% and statins by Ϸ20% per 1-mmol/L reduction in low-density lipoprotein cholesterol. [12] [13] [14] [15] In light of the high prevalence of PAD, the benefit observed in buflomedil-treated patients also may have a markedly important impact in terms of health economy. It is also important to note that the beneficial effect of buflomedil was demonstrated while most patients were concomitantly receiving an antiplatelet drug (76%), and a number of them were treated with an angiotensin-converting enzyme inhibitor (34%) or a hypolipemic drug (16%). Of note, the relatively low percentage of patients treated with angiotensin-converting enzyme inhibitors or a hypolipemic drug reflects clinical practice at the time of the trial, during which the administration of these drugs was not yet widespread. This combination of various effective treatments may explain why the rate of cardiovascular events observed in the LIMB study was lower than expected.
Buflomedil also increased the walking distance of patients and, in a modest but significant manner, ABI. We have no clear explanation as to why median ABI increased in buflomedil-randomized patients, but it is possible that this result may be due to an effect of buflomedil on the collateral pathway and/or a buflomedil-induced decrease in arm blood pressure because the drug exhibits vasoactive properties. 16, 17 The safety profile of buflomedil was comparable to that of placebo, and compliance was good; the percentage of patients who withdrew over the 3-year study period was low compared with that observed with other drugs tested in this setting. 18 -21 Although conceived before the release of guidelines for the clinical investigation of medication in PAD, 22 many characteristics of the general design and study outcomes of the LIMB study are in agreement with these recommendations. The results were obtained in a large patient population (nϭ2078), with very few patients lost to follow-up (0.7%), and over a long period of time (48 months). The study population was homogeneous, including only patients with intermittent claudication. It reflects well the demographic and medical characteristics generally observed in such patients. 4,19 -21,23-25 The beneficial effect of buflomedil was demonstrated using a composite end point evaluating cardiovascular morbidity and mortality. Furthermore, buflomedil positively influenced all components of the composite primary efficacy end point, excluding nonfatal myocardial infarction and stroke; in particular, it reduced cardiovascular mortality by 30%. Importantly, the results in terms of reduction of critical cardiovascular events were comparable regardless of whether patients had diabetes (post hoc analysis not shown; Pϭ0.32; Breslow-Day test). This is the first clinical trial to examine the effect of buflomedil on cardiovascular events. Previous studies have focused on symptoms of intermittent claudication only. 11 The positive effect of buflomedil on both symptoms of intermittent claudication and cardiovascular events may be explained by common underlying mechanisms. Buflomedil has been shown to reduce platelet aggregation, to prevent leukocyte adhesion to the endothelium during hypoxia, and to increase tissue tolerance to ischemia, 7-10 all known to be involved in the development of atherogenesis. 3 Moreover, we showed that buflomedil significantly increased ABI, which is known to be a strong independent predictor of cardiovascular mortality. 26 Interestingly, the beneficial effect of buflomedil on ABI was already evidenced after 6 months of treatment. The magnitude of the effect of buflomedil on cardiovascular events relative to that of placebo tended to increase up to the end of the study at 48 months of treatment. Whether a longer treatment duration would lead to a greater benefit remains to be investigated. The results obtained in previous studies also suggested that other agents with vasodilatory activities such as synthetic prostacyclin analogues may have beneficial effects not only on local symptoms but also on overall cardiovascular events. 20, 23 However, these were small studies not primarily designed to evaluate vascular events. Buflomedil is an ␣-blocker with vasoactive and hemorheologic properties, 7-10,16,17 but whether it would be effective in patients already treated with other vasodilator (eg, angioten- 
